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SHOCK ABSORBER WITH PRESSURE-CONTROLLED DAMPING 

Related Applications 

[0001] This application is a continuation of U.S. Patent Application No. 
10/888,080, filed July 8, 2004, which claims priority to U.S. Provisional Patent Application 
Nos. 60/501,903, filed September 10, 2003 and 60/485,409, filed July 8, 2003. 

Incorporation Bv Reference 

[0002] U.S. Provisional Patent Application Nos. 10/888,080, filed July 8, 2004; 
60/501,903, filed September 10, 2003; and 60/485,409, filed July 8, 2003, are hereby 
incorporated by reference herein in their entireties and made a part of the present 
specification. 

Background of the Invention 

Field of the Invention 

[0003] This invention relates to fluid damping control for vehicle suspensions, 
such as the suspensions of bicycles, which are typically movinted between the bicycle frame 
(chassis) of the vehicle and a wheel of the vehicle. 

Description of the Related Art 

[0004] Shock absorbers used on motorized and humau powered vehicles provide 
a means to damp out road vibration, bump energy and substantially increase rider/passenger 
comfort. The shock absorber component is composed of two parts. First being the damper, 
the component that absorbs the bump energy and, second the supporting spring. It is 
common in high performance shock absorbers to have an extemal reservoir that shock fluid 
can circulate to. The fluid that curculates to the reservoir is a result of tiie shock shaft 
insertion at the shock absorber. The insertion of the shock shaft onto the shock body will 
occupy a volume that displaces the oil towards the reservoir. This reservoir can be mounted 
to the main shock absorber or connected by means of a length of higli-pressure hose. 

[0005] Under certain circumstances it is advantageous to restrict the flow of oil 
(incompressible fluid) into the reservoir. The fimction of flow restriction aids in creating 
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compressive direction damping, referred to as compression damping. Compression damping 
will be created at the reservoir when fluid is displaced from the shock absorber. The 
combination of flow restriction at the main piston within the shock absorber, for example as a 
result of flexible washers sealing holes on the main piston, coupled with compression 
damping at the reservoir provides the total compression damping created by the shock 
absorber system. The devices used to create compression damping in the reservoir are of 
many types. A plate covered by flexible washers is one example of a device. Other methods 
employ passages blocked by movable balls or plates forced into position by a spring. A 
further type of device uses a simple passage that is restricted by a movable protrusion that 
changes the clearance between the passage and protrusion. 

[0006] Another feature Imown in the ait for providing compression damping in an 
internally-pressurized shock absorber is an annular cavity containing compressible fluid 
formed between the main shock absorber piston and the piston rod. A second annular piston 
in sealed engagement with the cavity is driven by pressure forces and reciprocates in the 
cavity to altemately block the compression damping passageways in the main piston as the 
piston approaches the blind end of the shock absorber cylinder, and unblock them as the 
piston withdraws from the blind end. The annular cavity and the annular piston which 
reciprocates within it are configured coaxially on the main piston and shaft of the shock 
absorber. See also Patent 5,190,126. 

[0007] There is a need in bicycles, motorcycles, and other vehicles which 
incorporate fluid suspension shock absorbers for a pressure-controlled damping circuit in a 
separate, non-coaxial reservoir. All prior-art methods, such as those noted above, suffer from 
various limitations, including an impact on the travel capability within a given shock 
absorber length, fixed location and installation requirements, and limited adjustment range. 

Summary of the Invention 
[0008] A preferred embodiment involves a pressure sensitive damper including a 
first cylinder at least partially defuiing a first fluid chamber containing a damping fluid. A 
damping piston is supported for reciprocal motion within the first cylinder. A piston rod has 
a first end, which is connected to the damping piston, and a second end, which extends 
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through a sealed opening in a seal head fixed to a first end of the first cylinder. The damper 
also includes a second cylinder at least partially defining a second fluid chamber in selective 
fluid communication with the first cylinder and containing a damping fluid. A compression 
damping plate is fixed in the second cylinder and includes at least one passage through which 
the damping fluid, displaced by the entrance into the first cylinder of successive portions of 
the piston rod during a compression stroke, flows in a first direction from the first fluid 
chamber to the second fluid chamber. A 6xst pressure source is in communication with the 
second fluid chamber. The damper fiorther includes a valve which generates a resistance 
force to the fluid flow through the at least one passage in the first direction, wherein the 
resistance force varies according to an amount of force communicated to the valve by tlie first 
pressure source. The valve includes a blow-off piston, a support shaft, a support plate, and 
an intensifier piston. The blow-off piston has a first position in engagement with the at least 
one passage and a second position removed firom the at least one passage. The first pressure 
source acts on a fu:st end of the intensifier piston. The blow-off piston, the support shaft, 
and a second end of the intensifier piston define a third fluid chamber containing damping 
fluid therebetween. 

Brief Description of the Drawings 
[00091 FIG- 1 is a plan view of a prior-art embodiment of a suspension unit 
including a monotube shock absorber ("damper") integrated with an in-line internal floating 
piston CWl- 

[0010] FIG. 2 is a cross-sectional view of the prior-art suspension xmit of FIG. 1 . 

[0011] FIG. 3 is a plan view of a prior-art embodiment of a suspension unit 
including a shock absorber ("damper") having a solid structure coimection to a flmd 
reservoir. 

[0012] FIG. 4 is a cross-sectional view of the prior-art suspension unit of FIG. 3. 
[0013] FIGS. 5a-5c show three overall views of a preferred embodiment of a 
suspension unit according to a preferred embodiment of the present uivention. 

[0014] FIG. 6 is a cross-sectional view of the suspension unit of FIGS. 5a-5c. 
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[0015] FIGS. 7a-7d include several views of a reservoir assembly of the 
suspension unit of FIGS. 5a-5c. 

[0016] FIGS. 8a-8c include two cross-sectional views and an end view of the 
reservoh" assembly of FIG. 7. 

[0017] FIG. 9 is an enlarged view of the intensifier assembly of FIG. 8b, 
including designations of the four different intemal pressures operative in the reservoir. 

[0018] FIG. 10 is an enlarged view of elements comprising the intensifier 
assembly of FIG. 9, including designation of the component diameters pertinent to free-body 
analysis of the operative forces on the intensifier piston and the blow-off piston. 

[0019] FIG. 11 is a force vs. velocity compression damping gi'aph depicting 
"Firm" and "Soft" as well as "Knee" damping function. 

Detailed Description of the Preferred Embodiment 
[0020] The prior-art integrated suspension unit 100 of FIGS. 1 and 2 are described 
first, in order to provide a point of reference for a better understanding of tlie improvements 
of a preferred embodiment of the present invention, which is described further on. 

[0021] One example of a typical prior-art shock absorber 100 as shown in FIGS. 1 
and 2 is manufactured by Fox Racing Shox. It will be understood by one of ordinary sldll in 
the art, that this specific prior-art embodiment is representative only, and that preferred 
embodiments of the present invention can be applied to other types of shock absorbers, or 
dampers, as well. 

[0022] FIGS. 1 and 2 illustrate one example of a prior art shock absorber, or 
integrated suspension imit, generally referred to by the reference nimieral 100. The illustrated 
integrated suspension unit 100 generally includes a damper assembly 101 and a biasing 
member, such as spring 102 (shown schematically in FIG. 1). hi other arrangements, the 
biasing member may comprise an ah spring assembly, as will be appreciated by one of 
ordinary skill in the art. 

[0023] The major components of the illust'ated suspension imit 100 include the 
seal head 104, shock shaft 105, shock body 106 defining a fluid chamber 111, shaft eye 107, 
body eye 108, gas chamber 109, and mam damping piston 110. 
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[0024] The ends of the integrated suspension unit 100, the body eye 108, and the 
shaft eye 107, are connected to the spinmg (e.g., the vehicle body) and im-spmng (e.g., the 
wheels and wheel support assemblies) portions of the vehicle (not shown) in a conventional 
manner. That is, either of the ends 107, 108 may be connected to either of the spnmg or un- 
sprung portions of the vehicle, depending on the specific appUcation, The coil spring 102 
creates a force tending to lengthen the suspension unit 100, while the weight of the vehicle 
(i.e., the sprung mass) tends to shorten it. As is well known in the art, the net effect of the 
compression of the coil spring 102 under the mass of the vehicle, is known as "sag". When 
the integrated suspension unit compresses or sags-in, the shock shaft 105 enters the shock 
body and decreases the length of the shock (i.e., the distance between the ends 107, 108). 
When the shock shaft 105 enters the shock, a volume of the shock oil contained in fluid 
chamber 1 1 1 of the damper assembly is displaced, thus causing the intemal floating piston 
103 to move a corresponding distance. 

[0025] In FIGS. 3 and 4 the integrated suspension imit 200 is comprised of a 
damper assembly 201 and a biasing member, or coil spring assembly 202 (illustrated 
schematically in in FIG. 3), that form the integrated suspension unit 200. This type of shock 
is similar to integrated damper assembly 100 with the exception that the intemal floating 
piston 203 is not positioned coaxially with the shock shaft 205. The piggyback housing 214 
contains a passage for displaced shock oil 215 to flow through. The piggyback housing 214 
rigidly secures the reservoir housmg 216 to the shock body 206. This type of damper 
assembly is capable of a reduction in overall length vs. travel in comparison to the integrated 
damper assembly 100, as a result of the non-coaxially placed high pressure gas charge 209 
and intemal floating piston 203. 

[0026] The major components found in integrated suspension unit 200 are similar 
to components found in the integrated suspension miit 100. For example the following 
components of the illustrated integrated suspension unit 200 are typical in a remote reservoir- 
type suspension miit: seal head 204, shock shaft 205, shock body 206 defining a fluid 
chamber 21 1, shaft eye 207, body eye ring 208, pressurized gas chamber 209, main damping 
piston 210, spring threaded collar 213, reservoir housmg 216, piggyback housing 214, and 
reservoir end cap 217. 
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[0027] With reference to a preferred embodiment of the integrated suspension 
unit 400 illustrated in FIGS. 5 and 6, when the shock compresses, shock oil is displaced to 
the reservoir assembly 420 through the flexible hose 403. The amount of shock oil that is 
displaced into the reservoir housing 416 during a given distance of compression travel is 
generally equal to the volimie of the shock shaft 405 that has entered the main shock body 
406 during the given compression travel. In the process of the shock oil being displaced into 
the reservoir housing 416, preferably it encounters a structure, or system, that resists the 
movement, or flow, of the shock oil. Such a structure, or system, provides a compression 
damping force, tending to resist compression movement of the suspension unit 400, and may 
be of any stiitable construction, such as a restrictive orifice, shim stacks, check plate(s), for 
example but without limitation, as will be readily appreciated by one of ordinary skill in the 
art. The structure, or system, is referred to as the reservoir assembly 420. 

[0028] Referring back to the prior-art integrated suspension unit 100 of FIGS. 1 
and 2, the suspension xmit 100 did not contain extemally-adjustable damping features. In 
contrast, the suspension unit 200 of FIGS. 3 and 4 includes extemal adjustment features such 
as the reboxmd adjustment knob 221 and compression adjustment knob 222. The rebound 
adjustment knob 221 rotates and has a cone-shaped portion that mates with the adjuster rod 

223 end. As the rebound adjuster knob 221 advances (moves in a downward direction in 
FIG. 4), the complementary interface between the adjuster rod 223 end and cone-shaped 
portion transfer rotational movement of the rebound adjuster knob 221 into linear translation 
of the adjuster rod 223 (moves to the right in FIG. 4). As the adjuster rod advances towards 
the main damping piston assembly 210 it occupies a progressively larger portion of a passage 

224 for shock oil to bypass the main functional features of the damping piston assembly 210. 
If desirable, the adjuster rod 223 may completely close off the passage 224 to prevent a flow 
of fluid theretlirough. This construction permits extemal adjustment of reboxmd damping, as 
will be understood by those skilled in the art. 

[0029] Although such a rebound damping adjustment feature is not required for 
application of the preferred embodiment, it is illustrated here and is also included in the 
illustrated embodiment of the present shock absorber, as shown in FIGS. 5-10. If this 
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adjustable damping feature is not included, a somewhat simplified and less costly preferred 
embodiment of the present invention is made possible. 

[0030] FIG. 4 illustrates the reservoir compression damping circuit 220 that 
functions as a "gate" to the shock oil that is displaced from the main shock body 206 by the 
volume occupied by the insertion of the shock shaft 205. When the shock oil encounters the 
reservoir compression damping circuit 220 it has two directions that it can flow based on the 
position of the compression adjustment knob 222. If the compression adjustment knob 222 is 
in a fully counter-clockwise position, the sealing force provided by the compression port seal 
plate 225 is relatively light, based on the force that the compression plate spring 226 applies 
to the compression port plate 225 to seal the plate 225 against a port 215a in the piggyback 
housing 214. Due to the light sealing force of the compression port seal plate 225, the shock 
oil will flow through this bypass circuit with relative ease and thereby bypass the reservoir 
compression piston 228. The functional damping characteristics that tliis adjustment position 
provides are illustrated in FIG. 11 and can be described as "Soft". 

[0031] When the compression adjustment knob 222 is in the fully clockwise 
position, the spring load provided by the compression plate spring 226 on the compression 
port plate 225 is at a maximum. The damping characteristic of this compression knob 222 
position is illustrated in FIG. 1 1 and can be described as "Firm". As a result of the increased 
sealhig force provide by the compression port plate 225, the shock oil entering the reservoir 
216 will take a path of least resistance. In the illustrated embodiment, the path that the shock 
oil finds least resistive, in the fiilly clockwise position of the adjustment knob, is through the 
reservoir compression piston 228 that provides resistance to shock oil flow as a result of 
flexible metal washers 229 sealing the out-flow face of the reservoir compression piston 228. 
The flexible metal washers 229 are retained on the reservoir compression piston 228 by a 
piston nut 230 and piston bolt 231 . 

[0032] If a position of the compression adjustment knob 222 is between fiiUy 
clockwise and fiiUy counter-clockwise, the net compression damping function of both of the 
shock oil paths described above (through the bypass port 215 or tlnrough the reservoir 
compression piston 228) will influence a flow of shock oil into the reservoir housing 216. 
Furthermore, under certain circunastances, fluid flow may occur through both paths even 
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when the compression adjustment loiob 222 is in a fully clockwise or fully anti-clockwise 
position, as will be apparent to one of skill in the art. This construction permits external 
adjustment of compression damping, as will be readily appreciated by one of skill in the art. 

[0033] The main dampuig piston 110/210 of the suspension units 100/200, as 
illustrated in FIGS. 2 and 4, function such that, as the main damping piston assembly 
110/210 moves through the shock oil 111/211, a damping force is produced. Further 
descriptions of the main damping piston assembly 110/210 function is not deemed necessary, 
as one skilled in the art will understanding possible structures and functions of the main 
damping piston assembly 110/210, as well as the main damping piston 410 of the suspension 
unit 400 of FIGS. 5-10, 

[0034] A prefen*ed embodiment of the present shock absorber with pressure 
controlled damping, generally referred to by the reference numeral 400, is described in 
greater detail with reference to FIGS. 5-10. Components or features of the shock absorber 
400 not described in detail hereinafter may be assumed to be similar ui construction and 
function to the same, or similar, components or features of the suspension units 100/200 
described above. Thus, the description of a preferred embodiment illustrated in FIGS. 5-10 is 
focused on the illustrated embodiment of a pressure controlled damping arrangement. 

[0035] It is an object of the illustrated embodiment to provide a compression 
damping circuit with a pressure-controlled dampmg feature that is integrated with a shock 
absorber to provide damping control. This type of circuit provides a method to adjustment of 
the overall damping created by the shock absorber externally and quickly. Conventional 
prior-art designs are hmited in adjustment and function. This circuit is particrdarly applicable 
to bicycles, however, it may also be readily adapted for use with other vehicles as well. 

[0036] In the context of real-world mountain biking, many prior-art methods of 
adjusting damping function create a restriction on shock placement or size, that require 
reduction in permitted travel and limited damping adjustment. In contrast, placement of 
pressure controlled damping circuits in a remote location opens up available "dead length" 
within tlie mounting locations of the main shock body. It is also advantageous to adjust 
damping function as terrain and trail conditions continually change, thus permitting the rider 
to adjust for the desired ride feel or current situation. 
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[0037] The embodiment illustrated in FIGS. 5-10 achieves this result by placing 
the pressure controlled damping circuit in a remote location other than within the axis of the 
main shock body, thus freeing up space. In certain preferred embodiments, the pressure 
controlled damping function is extemally adjustable by pressure adjustment, pressure balance 
adjustment, as well as incompressible fluid bypass adjustment, for example. 

[00381 In one preferred embodiment, the components within the remote reservoir 
are arranged and function in the following mamier. The oil entering the remote reservoir first 
encounters a compression damp plate cover, which is arranged to cover one or more passages 
in a wall, or compression damp plate. Other passages may exist in the compression damp 
plate, such as passages for rebound fluid flow from the reservoir to the main shock body 
(refen-ed to herein as "rebound passages"). Preferably, such passages include a one-way 
valve mechanism that substantially prevents fluid flow from the main shock body to the 
reservoir, but permits fluid flow fi'om the reservoir to the main shock body. 

[0039] A valve body, or blow-off piston, is configured to selectively cover and 
substantially prevent fluid flow througli the passage, thereby creating a sealed fluid cavity, or 
chamber, within the reservoir cylinder. This cavity is sealed by force/pressure provided by an 
incompressible fluid contained in a separate, intermediate sealed chamber, between the blow- 
off piston and an intensifier piston. The pressurized fluid within the sealed chamber is driven 
by the intensifier piston, which has a seal at both big and small diameters. The intensifier 
components are powered by the internal pressure of the shock that is created by the separate 
compressible gas volume, or gas charge, that is isolated fi*om the sealed fluid cavity by an 
intemal floating piston gas separator. The internal pressiore of the shock is used to create the 
sealing force of the blow-off piston. The intemal pressure may alternatively be provided by 
other suitable aixangements, such as a spring-biased floating piston or gas-charged collapsible 
sleeve, for example. 

[0040] In order to provide further tune-abflity of the blow-off system a separate 
variable voliome chamber that contains a compressible gas may be located between the 
differing diameters on the intensifier piston. This passage or volxmie has gas introduced by 
way of an air sleeve surrounding the reservoir. The pressure of the gas within the variable 
volume chamber counteracts the pressure that is applied to the end face of the intensifier 
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piston by the internal pressm'e of the shock itself, which, in the illustrated embodiment, is the 
pressure within the reservoir chamber produced by the gas charge. With this, the sealing 
force on the blow-off piston can be reduced to zero, provided that a high enough 
compressible gas pressure is present in the compressible gas volume. 

[0041] Other components of the pressure controlled damping circuit may include 
a by-pass circuit, including a by-pass needle controlled by a by-pass knob. The external 
incompressible fluid by-pass needle, when in the fully seated position will not permit fluid to 
bypass the compression damping plate through the bypass port. As the extemal fluid bypass 
needle is backed away fi-om the surface of the compression damping plate, incompressible oil 
is permitted to flow through the by-pass port. Adjixstment of the by-pass knob to permit fluid 
flow tlirough the bypass port increases the incoming fluid pressure necessary to move the 
blow-off piston. 

[0042] Further advantages of the illustrated embodiment include an internal 
pressure increase based on the position of the shock shaft insertion into the shock body. The 
pressure increase in the compressible gas volume as the shock shaft inserts into the main 
shock body, in tum, imparts the same amount of pressure increase to the incompressible oil 
present on the other side of the iatemal floating piston gas separator within the reservoir 
chamber. This same pressure is imparted on the largest end face of the intensifier piston, 
which increases the sealing force on the blow-off piston, through the intermediate 
incompressible fluid chamber. This arrangement provides an increase in sealing force of the 
blow-off piston witla the compression damping plate. With this, the compression damphig 
system of the illustrated shock absorber includes position sensitive traits that would not 
otherwise be available in a DeCarbon-type shock absorber, which are strictly velocity 
sensitive, hi addition, the preferred embodiment has a wide range of tuneability, not found in 
existing shock systems. 

[0043] FIGS. 5a-5c are extemal views of a preferred embodiment of the present 
shock absorber. A suspension unit, or shock absorber 400, includes a damper assembly 401, 
which is sunilar in extemal appearance to damper assembly 201, with the exception that tlie 
connection between the main shock body 406 to the reservoir assembly 420 is made with a 
flexible hose 403 rather than rigidly mounted v^th the piggyback housing 214, as is the case 
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with the damper assembly 201 of FIGS. 3 and 4. One skilled in the art will appreciate that 
the attachment between the "damper assembly" and "reservoir housing" can be made with a 
rigid mount or hose and fimction in a substantially equivalent manner. Further, the flexible 
hose 403 offers additional mounting positions of the reservoir assembly 420, as compared to 
the rigid and fixed position offered by the piggyback housing 214. The illustrated 
embodiment is shown with a flexible hose, but could also use a rigid mount similar to the 
piggyback housing 214. 

[0044] As with the shock absorbers 100/200 of FIGS. 1 and 3, the embodiment 
shown in FIG. 5 includes a biasing member, or coil spring 402 (shown schematically in FIG. 
5a), which operates to apply a force tending to lengthen the shock absorber 400. In addition, 
a spring tloieaded collar 413 functions to increase or decrease a preload on the coil spring 
402. 

[0045] The primarj/ components of the illustrated embodiment shown in FIGS. 5 
and 6 are similar to the components found in the integrated suspension units 100 and 200 of 
FIGS. 2 and 4, respectively. For example, a preferred embodiment of the present shock 
absorber includes a flexible hose 403, a seal head 404, a shock shaft 405, a main shock body 
406, a shaft eye 407, a body eye ring 408, a high pressure gas charge 409, a main damping 
piston 410, a fluid chamber 406a containing damping fluid, an intemal floating piston 412, a 
spring threaded collar 413, a shock body end cap 414, and a reservoir assembly 420. 

[0046] In operation, when the shock compresses, damping fluid is displaced from 
the compression chamber 406a of the main shock body 406 to the reservoir assembly 420 
through the flexible hose 403. The amount of damping fluid displaced into the reservoir 
assembly 420 during a given compression ti'avel of the shock absorber 400 is equal to the 
volume of the shock shaft 405 that has entered the main shock body 406 during the 
compression travel (i.e., a shaft displacement arrangement), hi the process of the damping 
fluid being displaced into the resei*von assembly 420, it encounters a flow restriction that 
resists the movement, or flow, of the damping fluid into the reservoir, thus producing a 
damping force tending to resist compression motion of the shock absorber 400, as will be 
described more fully fiirther on. In addition, compression damping forces may also be 
produced by the main damping piston 410. With reference to FIGS 8a and 8b, a preferred 
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embodiment of the reservoir assembly 420 is described. As described above, preferably, the 
reservoir assembly 420 enables an increase in the available shock absorber travel for a given 
overall length of the shock absorber 400. 

[0047] The reservoir housing 416 preferably is a hoUovs^, cylindrical tube, w^hich 
is closed at a first end by a first end cap 417 and closed at a second end by a second end cap 
419. A floating piston 412 separates the interior of the reservoir housing 416 into a sealed 
compressible fluid chamber, or gas chamber 409, and a sealed incompressible fluid chamber, 
or damping fluid chamber 448. An inlet port 417 permits damping fluid to enter the reservoir 
housing 416 firom the damper assembly 401. An inlet port 419a permits compressible gas, 
such as nitrogen for example, to be introduced into the gas chamber 409. 

[0048] The compression damp plate 431 forms an intemal wall within the 
damping chamber 448 and includes at least one compression flow passage 431a passing 
axially therethrough. In addition, preferably, the compression damp plate 431 includes one or 
more rebound flow passages 431b passing axially therethrough. A one-way valve 
arrangement permits rebound fluid flow to flow through the rebound flow passages, but 
substantially prevents compression fluid flow from passing through the rebound flow 
passages. Li the illustrated arrangement, the one-way valve mechanism includes a check 
plate, or cover plate 432, which is biased into contact with the compression damp plate 431 
by a biasing member, such as spring 443, to cover the rebound flow passages. Rebound fluid 
flow through the rebound flow passages is permitted against the biasing force of liie spring 
443, which preferably is relatively light. Shock absorber rebound damping forces are 
generated at the main piston 410, as will be appreciated by one of skill in the art. Passage(s) 
431a are provided in the compression damp plate 431 to permit compression fluid flow, and 
are selectively closed by a valve body, or blow-off piston 429, as is described in greater detail 
below. 

[0049] The blow-off piston 429 closes the compression flow passage(s) 431a 
during rebound motion of the shock absorber 400. Thus, reboxmd fluid flow fi-om the 
reservoir cylinder 416 to the main shock body 406 preferably occurs tlirough the reboimd 
flow passages as described above. 
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[0050] In the illustrated embodiment, the reservoir assembly 420 also includes a 
bypass circuit 415a. The illustrated bypass circuit 415a includes a tapered needle 415c and 
an orifice 415b, wherein orifice 415b passes axially through the compression damp plate 431. 
A tapered end of a needle 415c is positioned coaxially with the orifice 415b and is axially 
adjustable to occupy a greater, or lesser, portion of the cross-sectional area of the orifice 
415b. An axial position of the needle 415c is adjustable by an adjustment knob 415 in 
threaded engagement with the end cap 417 and which supports, or is integral with, the needle 
415c. Thus, fluid is permitted to flow through the orifice 415b in both compression and 
rebound directions. In a compression direction, the fluid may bypass the compression 
passage(s) 431a, flow thi'ough which is controlled by the blow-off piston 429, as is described 
in greater detail below. Preferably, the needle 415c is adjustable to a position to completely 
close the orifice 415b and effectively eliminate the bypass circuit 415a. In other 
arrangements, the bypass circuit 415c may be omitted entirely, as will be appreciated by one 
of skill in the art. 

[0051] Preferably, a support assembly extends in an axial direction firom the end 
cap 417 into the damping chamber 448 to support additional components of the reservoir 
assembly 420, including the blow-off piston 429. The support assembly preferably includes a 
support shaft 430 and a support plate 438 extending fi"om the end cap 417 in that order. The 
support plate 438 is secured to an end of the support shaft 430 opposite the end cap 417. A 
seal 437 creates a substantially fluid-tight seal between an extemal surface of the support 
shaft 430 and an mtemal surface of the support plate 438. 

[0052] The support shaft 430 includes a small diameter end, nearest the end cap 
417, and a large diameter end. The large diameter end defines a central cavity 430a, which 
opens at an end sxirface of the large diameter end opposite the end cap 417. An orifice 430b 
extends in a radial direction through the support shaft 430 from the cavity 430a. The support 
plate 438 includes a passage 438c extending axially theretlnrough. The passage 438c is 
aligned with the cavity 430 of the support shaft 430 and, preferably, the cavity 430 has a 
smaller diameter than the passage 438c. An outer peripheral sm-face of the support plate 438 
supports seals 436, which create a fluid tight seal with the intemal surface of the reservoir 
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housing 416. In addition, the support plate 438 includes one or more axial ports 438b, which 
permit damping fluid flow substantially unrestricted therethrough. 

[0053] An intensifier piston 440 is supported for axial movement within the 
cavity 430a and passage 438c of the support plate 438. The small diameter end of the 
intensifier piston 440 is supported by the cavity 430a and the large diameter end of the 
intensifier piston 440 is supported by the passage 438c. Seals 441, 442 create an at least 
substantially fluid tight seal between the intensifier piston 440 and the cavity 430a and 
passage 438c, respectively. A retaining ring 439 limits movement of the intensifier piston 
440 in a direction away fi-om the end cap 417. 

[0054] Tlie blow-off piston 429 is supported for axial movement on the support 
shaft 430 and includes an internal recess 429a, which together with an external surface of the 
support shaft 430 defines an interior chamber. Seals 427, 428 create a fluid tight seal 
between the extemal surface of the support shaft 430 and the blow-off piston 429. The 
internal recess 429a is sized and shaped such that the intemal chamber of the blow-off piston 
429 communicates with the cavity 430a of the support shaft through the orifice 430b, 
preferably in all axial positions of the blow-off piston 429. Thus, the chamber, defined by the 
intemal recess 429a, and the cavity 430a cooperate to form an intermediate incompressible 
fluid chamber 433, Damping fluid within the intermediate chamber 433 is pressurized by a 
small diameter end of the intensifier piston 440 and applies a force tending to move the blow- 
off piston 429 against the damp plate 431 to close the passage(s) 431a. The force applied by 
the pressurized fluid within the intermediate chamber 433 to the surfaces of the blow-off 
piston 429 within the recess closest to the end cap 417 tends to move the blow-off piston 429 
toward a position closing the passage(s) 431a. 

[0055] With reference to FIG. 8a, the blow-off piston 429 includes a closable fill 
port 429b. The fill port 429b penxdts the fluid chamber 433 to be filled with incompressible 
damping fluid during assembly of the reservoir assembly 420. 

[0056] With continued reference to FIG. 8a, preferably the reservoir assembly 420 
includes an adjustment mechanism that pemiits adjustment of the pressurization force applied 
to the fluid within the intermediate chamber 433 by the mtensifier piston 440. More 
preferably, the adjustment mechanism applies a force to the intensifier piston 440 tending to 
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counteract motion of the intensifier piston 440 into the cavity 430a of the support shaft 430. 
In the iUustrated arrangement, a compressible gas chamber 445 is defined by the support plate 
438. An intemiediate section of the intensifier piston 440, between the seals 441, 442 passes 
through the gas chamber 445. A pressurized gas within the gas chamber 445 acts on the 
transition surface between the small and large diameter ends of the intensifier piston 440 to 
apply a force tending to move the intensifier piston 440 out of the cavity 430a. 

[00571 Preferably, a gas pressure level withm the gas chamber 445 is adjustable. 
In the illustrated arrangement, a sleeve 421 surrounds the reservoir housing 416 adjacent the 
gas chamber 445 and includes an mlet valve 418, which permits gas, such as nitrogen, to be 
introduced into the gas chamber 445, thereby adjusting a pressure level within tlie chamber 
445. One or more passages 446 may extend through the reservoir housing 416 to permit tlie 
gas chamber 445 to communicate with a space between the sleeve 421 and an outer surface of 
the housing 416. 

[0058] In addition, preferably, a volume of the gas chamber 409 defined by the 
floating piston 412 and the reservoir housing 416 is adjustable. In the illustrated 
arrangement, a sleeve 449 surrounds an end of the reservoir housing 416 adjacent the end cap 
419. An inner surface of the sleeve 449 has a larger diameter than an outer surface of the 
reservoir housing 416 to define a space 449a therebetween. An end of the sleeve 449 closest 
to the end cap 419 is sealed with an extemal surface of the reservoir housing 416 by a seal 
450. 

[0059] A movable seal 451 contacts an inner surface of the sleeve 449 and an 
outer surface of the reservoir housing 416 to seal the space 449a at an end of tihie sleeve 449 
fiorthest from the end cap 419. The movable seal 451 is movable relative to the sleeve 449 to 
vary a volume of the space 449. The position of the movable seal 451 is controlled by a 
collar 423, which engages the movable seal 451, and a nut 422. The nut 422 is tlueadably 
engaged with tlie housing 416 such that rotation of the nut 422 moves the collar 423 axially 
relative to the housing 416 to move the movable seal 451 and vary the volume of the space 
449a. The space 449 communicates with the gas chamber 409 via one or more ports 449b 
extending through the reservoir housing 416. Thus, varying the volume of the space 449 
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varies the volume of the collective volume of the gas chamber 409 and space 449, thus 
varying the pressure therewithin. 

[0060] In operation, as the damping fluid contained within the shock body 406 is 
displaced by the insertion of the shock shaft 405, damping fluid is conveyed to the reservoir 
assembly 420 by the attached flexible hose 403. The entering damping fluid passes into the 
reservoir end cap 417 through the port 417. The damping fluid within the sealed 
incompressible fluid chamber 433 is pressurized by the intensifier piston 440 that has a seal 
at both big and small diameters. Due to the differing diameters contained on the outside of 
the intensifier support shaft 430, damping fimd driven by the intensifier piston 440 is forced 
into the space 429a contained between sealed surfaces of the intensifier support shaft 430 and 
the blow-off piston 429. The ratio of differing diameters on the intensifier piston 440 as 
compared to the ratio of differing diameters between the intensifier shaft 430 and blow-off 
piston 429 create a magnification of force/pressure. 

[0061] The reservoir assembly 420 is powered by the high-pressure gas charge 
within the gas chamber 409 tliat is isolated firom the damping fluid by the internal floating 
piston 412. Given a static condition, the high-pressure gas charge 409, located between the 
intemal floating piston 412 and the reservoir end cap 419 places the same pressure on the 
damping fluid. As a result of the high pressure gas charge in gas chamber 409, the combined 
system of components referred to as "the intensifier", preferably including the blow-off 
piston 429, intensifier piston 440, support shaft 430, compression damp plate 431, and 
support plate 438 cause the end face of the compression damp plate 431 to seal against the 
blow-off piston 429. This provides a compression damping fimction that can be 
characterized as a "Build pressure and dump" type of action. This can be described as a 
"knee" or "nose" as one skilled in the art would understand. This can be grapliically depicted 
as shown in FIG. 1 1 . This type of damping function is desirable for certain applications as it 
provides, for example when utihzed in a bicycle shock absorber, an increase in pedaling 
efficiency, in that each down stroke of the pedals does not result in as much compression 
movement of tlie suspension as would normally occur with a prior art suspension assembly. 

[0062] In order to provide fixrther extemal adjustability of the reservoir assembly 
420, a separate chamber 445 that contains a compressible gas is provided, as described above. 
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The pressure/volxime of compressible gas contained within this region acts upon the area on 
the intensifier piston 440 between the two sealing means 440 and 442. As a result of the 
differing diameters that exist between the sealing means, a variable pressure/volume is 
present. This variable pressure/volume permits the adjustment of contained compressible gas 
to counteract the pressxire/force that is applied to the end face of the intensifier piston 440 
that is on the damping fluid side of the system, next to the internal floating piston 412. With 
this in mind, the sealing force on the blow-off piston 429 can be reduced along with the 
resultant blow-off force. Although this feature is not required, it is illustrated and it is also 
included in the preferred embodunent of the present invention as shown in FIGS. 5-10. If 
this adjustable damping feature is not included, a somewhat simplified and less costly 
preferred embodiment is possible. 

[0063] Further advantages of the illustrated embodiment include a compression 
damping force influenced by the position of the shock shaft 405 insertion into the main shock 
body 406 and how this relates to the pressure increase in the high pressure gas charge 409. 
The pressiu'e increase in this region will impart the same amount of pressure increase to the 
"incompressible" damping fluid present on the other side of the internal floating piston 412. 
This same pressure/force is imparted on the largest end face of the intensifier piston 440, that 
in turn increases the sealing force on the blow-off piston 429 the deeper the shock shaft 405 
is inserted into the main shock body 406. This will provide an increase in sealing force; 
hence more compression damping. This is highly advantageous to provide position-sensitive 
compression damping forces. With this arrangement, tuneability of the compression system 
is obtained with position sensitive traits that would not otherwise be available in a 
conventional DeCarbon-type shock absorber. In addition, the prefenred embodiment has a 
wide range of tuneability, not found in other shock systems. 

[0064] The following example mathematically demonstrates the function and 
relation of the preferred control system. With reference to FIG. 9, showing pressures, and 
FIG 10 showing pertinent feature diameters, a fi:ee-body analysis of the blow-off piston 429 
gives: 
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[0065] Refening to the feature diameters per FIG. 10, it is convenient to define 
the relevant areas of the blov^-off piston 429 and the intensifier piston 440 acted upon by the 
various internal pressures as foUow^s: 



Al 


= [7t/4]*[Dl^- 


D5^] 


{ref: 429 - 


acted upon by PI ; to the RIGHT} 


A2 


= [7t/4]*[Dl^- 


D2^] 


{ref: 429 - 


acted upon by P2; to the LEFT} 


A3 


= [71/4] *[D3^] 




{ref: 440 - 


acted upon by P2; to the LEFT} 


A4 


= [7t/4]*[D4^] 




{ref: 440 - 


acted upon by P4; to the RIGHT} 


A5 


= [7t/4]*[D2^ - 


D5^] 


{ref: 429 - 


acted upon by P4; to the LEFT} 


A6 


= [7t/4]*[D3^ - 


■D4^] 


{ref: 440 - 


acted upon by P3; to the RIGHT} 



[0066] Still referring to FIGS. 9 and 10, the forces acting on blow-off piston 429 

are: 

Forces to the RIGHT = [P1]*[A1] 

Forces to the LEFT = [P2]*[A2] + [P4]*[A5] 

[0067] Based on free-body analysis, when blow-off piston 429 opens (moves to 
the right), these forces are eqiial, and the following relationship holds: 

[P1]*[A1] = [P2]*[A2] + [P4]*[A5] 

[0068] Re-arranging gives the following expression for pressure PI as a function 
of feature areas (diameters), reservoir pressure P2, and intensifier pressure P4: 

PI = [P2]*[A2/A1] + [P4]*[A5/A1] {Equation #1} 

[0069] Next, the forces acting on intensifier piston 440 are: 

Forces to the RIGHT = [P4]*[A4] + [P3]*[A6] 
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Forces to the LEFT = [P2]^[A3] 

[0070] For equilibrium conditions (i.e., under normal operation conditions where 
the intensifier piston 440 is freely-floating, neither topped-out nor bottomed-out in its travel) 
these forces are equal: 

[P4]*[A4] + [P3]*[A6] = [P2]*[A3] 

[0071] Re-arranging gives: 

P4 = [P2]*[A3/A4] - [P3]*[A6/A4] {Equation #2} 

[0072] By substituting the right side of Equation #2 for P4 in Equation #1 above, 
an expression for pressure PI is determined as a function of specific feature areas 
(diameters), the pre-set reservoir pressure P2, and the adjustable pressure P3: 

PI = [P2]*[A2/A1] + {[P2]*[A3/A4] - [P3]*[A6/A4]}*[A5/A1] 

{Equation #3} 

[0073] Hie compression damping force thus produced by the presstire-sensitive 
reservoir assembly 420 of the present invention is equal to the above value of PI minus 
reservoir pressure P2, times the cross-sectional area of the shoclc absorber shaft 405. (Note 
that reservoir pressure P2 acting on the area of the shock absorber shaft is subtracted here; it 
creates a "nose force" tending to extend the shock absorber at all times, but, as is known in 
the art, this is considered a static force, not a damping force.) Of course, as contemplated by 
the present invention, there will generally be additional compression damping forces 
produced by fluid flow restrictions at the main shock absorber damping piston 410. 

[0074] Following is a nmneric example: 
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P2= 100 psi 
P3 = 0 psi 
Dl = 0.625" 
D2 = 0.400" 
D3 = 0.375" 
D4 = 0.250" 
D5 = 0.312" 

[0075] Substituting these values into the above equations for areas gives: 

Al = 0.230 in^ 
A2 = 0.181 in^ 
A3 = 0.110 in^ 
A4 = 0.049 in^ 
A5 = 0.049 in^ 
A6 = 0.061 in^ 

[0076] Inserting these values, as well as P2 = 100 psi and P3 = 0 psi into Equation 
#3 above gives: 

PI = 127 psi 

[0077] As is apparent, if P3 is changed, the result of tiie equilibrium equation will 
be different. This demonstrates to tiie ability to tune the pressure blow-off threshold by 
changing the volume of the gas chamber 409, which changes the pressure therein. 

[0078] Further advantages of the illustrated embodiment are provided by the 
alternate path for damping fluid provided by the compression by-pass bleed circuit 415a. 
When the compression by-pass bleed circuit 415a is in the fully "in" or full clock-wise 
position, no alternate path for damping fluid exists and all damping fluid being displaced 
from the main shock body 406 must move through the passage 431a found in the 
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compression damp plate 431 by moving the blow-off piston 429. As the compression by- 
pass bleed screw 415 is turned in a counter-clockwise direction, it presents an alternative path 
for the damping fluid to pass to the opposite side of the compression damp plate 431, The 
function of this "alternative path" is such that it decreases the low shaft velocity compression 
damping that is created by the reservoir assembly 420. As a farther consequence of the 
size/diameter of the "altemative path" the overall decrease in compression damping is such 
that the "altemative path" can't pass the entire volume of damping fluid that is flowing to the 
compression damp plate 431. If this adjustable damping feature is not included, a somewhat 
simplified and less costly preferred embodiment is possible. 

[0079] Although this invention has been disclosed in the context of certain 
preferred embodiments and examples, it will be understood by those skilled in the art that the 
present invention extends beyond the specifically disclosed embodiments to other altemative 
embodiments and/or uses of the invention and obvious modifications and equivalents thereof 
In addition, while a number of variations of the invention have been shown and described in 
detail, other modifications, which are withm tlie scope of this invention, will be readily 
apparent to those of skill in the art based upon this disclosure. It is also contemplated that 
various combinations or subcombinations of the specific features and aspects of the 
embodiments may be made and still fall within the scope of the invention. Accordingly, it 
should be xmderstood that various features and aspects of the disclosed embodiments can be 
combine with or substituted for one another in order to form varying modes of the disclosed 
invention. Thus, it is intended that the scope of the present invention herein disclosed should 
not be limited by the particular disclosed embodiments described above. 
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